Background
Introduction
Norovirus is the most common cause of acute gastroenteritis (AGE) [1] . Transmission may be person-to-person, or via food, water or environmental sources [2, 3] . Populations at increased risk of norovirus gastroenteritis (NGE) are the very young, elderly, immunocompromised and those living in closed communities such as long-term care facilities [4, 5] . Severe or prolonged symptoms after norovirus infection have been associated with age ≥65 years and the presence of pre-existing medical conditions [6] .
As molecular diagnostic techniques capable of identifying norovirus are not in routine use there has been limited direct laboratory-confirmed case evaluation of the NGE burden, indirect modelling techniques that do not require a viral time series based on laboratory confirmed cases have been used recently to assess the NGE burden [7] [8] [9] [10] [11] .
Modelling studies estimate that in the United States (US) the all-age annual incidence of NGE-associated hospital discharges was 2.4/10,000 population (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) [10] , and that the all-age annual incidence of NGE-associated emergency department (ED) visits and outpatient visits was 13.5/10,000 population and 57.2/10,000 population, respectively (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) [11] . Norovirus is thus estimated to result in more than 400,000 ED visits, 1.7 million outpatient visits and 70,000 hospitalizations annually in the US [10, 11] , with higher numbers estimated in epidemic years. These estimates are derived from administrative databases such as the Nationwide Inpatient Sample, and have thus far focused on the general population, not taking into account underlying morbidities. There is evidence that norovirus infections in patients with chronic conditions such as cardiovascular disease, renal transplant recipients and patients on immunosuppressive therapy may lead to severe consequences [6] . To date, no systematic assessment of incidence rates of norovirus disease among patients with chronic medical conditions has been performed.
Based on a similar modelling approach to that used previously to estimate the overall burden of norovirus disease [11] , we used insurance claim data to compare the rates of ED visits, outpatient visits and hospitalizations among patients with chronic conditions (renal, cardiovascular respiratory, immunocompromising, gastro-intestinal, hepatic/pancreatic and neurological conditions and diabetes) with those in a healthy population, stratifying by age and chronic condition.
Methods

Design and objectives
This was a retrospective cohort study designed to compare episode rates of AGE and NGE in terms of ED visits, outpatient visits and hospitalizations in the patient population with chronic conditions (renal, cardiovascular, respiratory, immunocompromising, gastro-intestinal, hepatic and pancreatic, neurological, and diabetic disorders), against rates in the general population. A secondary study objective was to compare ED visits, outpatient visits and hospitalization episode rates per age category (0-4, 5-17, 18-64, 64-74, 75-84, 85+ years). th revision (ICD-9) code indicating cause unspecified and cause-specified AGE (Table 1) . For cases with multiple AGE-related diagnoses, episodes were considered new if they were at least 14 days apart. The outcomes (ED visits, outpatient visits and hospitalization) were counted separately. Thus, if a patient with a AGE episode treated as an outpatient was later hospitalized and both events were recorded in the database, that patient would be counted once in the outpatient analyses and once in the hospitalization analyses. The sub group of the study population with chronic medical conditions were those with ICD-9 codes indicative of chronic disease that occurred at least twice in 12 months (preceding the AGE code in the AGE cases). The increased risk of severe influenza among persons with chronic conditions has lead to preferential vaccine recommendations in the past [12] . Based on the group of medical conditions listed by the Centers for Disease Control and Prevention as being at high risk for severe influenza [12] , we classified patients into eight chronic condition groups using ICD-9 listed disorders which occurred prior to AGE diagnosis (Table 1) . Patients were included in one of the eight chronic condition groups when they had a diagnosis of only one of the specified medical conditions. Patients were included in a group of "two or more conditions" when they had diagnosis claims of at least 2 chronic conditions.
Statistical analysis
The diagnostic codes for NGE are infrequently used [10] . We therefore used an indirect method for estimating NGE-associated episodes proposed by Gastañaduy et al [11] . Specifically, the number of cause-unspecified AGE events was first regressed against four pathogenspecified AGE events (i.e., rotavirus, bacterial, Clostridium difficile, and parasite-associated events) in each month (Eq 1).
Where, α = intercept, β (1-4) = the relative contribution of each of the four specified pathogens, N-events i,j = counts of cause-specified events in month i of the year j, by age and by risk group, ƴ = the relative contribution of time, Time i,j = month j in year i.
Assuming that any remaining seasonality not explained by the regression model is due to NGE, the number of NGE events in each month was calculated as the difference between predicted cause-unspecified counts and the observed cause-unspecified counts (i.e., the residual of the model). Also assuming that there is a minimum monthly residual for each seasonal year with no NGE events, the estimated number of NGE events was calculated as the difference between the residual of the model and the minimum residual for that seasonal year (from July through June) [11] . Estimates were obtained using Poisson regression with adjustment for overdispersion using the scale of Pearson's chi-squared statistic. Finally, the medically coded NGE counts were added to the estimated NGE counts each month to get the overall monthly estimates of NGE events. These steps were repeated for each care setting (ED and outpatient visits, and hospitalization) within each risk group and each age group. The AGE and NGE episode rate was defined as the ratio of the number of events during the study period, divided by the total person-time (i.e., person-month or person-year) of eligible population (or specific patient population) per age group. Person-time was estimated by adding up the number of person-days contributed, per month or per season from July to June of the following year, by each person to each specific age group and each specific risk group. Rates were expressed per 10,000 person-years. We thus estimated the rates of healthcare visits due to AGE and NGE for the overall population, for each of the chronic condition groups, for those who had more than one of these conditions, and for those without any chronic condition. To account for important differences in the age distribution of some of these conditions, we agestandardized all rates to the overall population in the MarketScan database, using the same age categories described above. The 95% confidence intervals (CIs) for the NGE rates were estimated using Monte Carlo simulations accounting for the model uncertainties. 
Results
The study population comprised 9,028,466 individuals registered in the MarketScan database, of which 56.4% were female (S1 Table: Demographic features of the study population (MarketScan database, 01 July 2002-30 June 2013)). NGE-attributable healthcare utilization occurred all year-round, but peaked between December and April (Fig 1) , particularly in the youngest and eldest age groups. Utilization rates were rather constant over the years of the study, with some increases in the [10] . The mean annual rates of ED and outpatient visits attributed to NGE were highest in 0-4 year olds (80.0/10,000 person years and 354.7/10,000 person-years, respectively), followed by 85+ year olds (33.5/10,000 person years and 96.7/ 10,000 person years, respectively) ( Table 2 ). The mean annual hospitalization rate for NGE was 3.1 per 10,000 person years across all ages and 14.2 per 10,000 person years in 0-4 year olds. The highest NGE-attributable annual hospitalization rate occurred in 85+ year olds (21.3/ 10,000 person years). The proportion of AGE attributed to norovirus across all age groups was 25.1%, 16.9% and 18.7% for ED visits, outpatient visits and hospitalizations, respectively.
AGE-and NGE-associated episodes in patients with chronic medical conditions
The presence of a chronic condition was identified in 36.5% of the MarketScan population (Table 3) . With the exception of immunocompromising conditions which were reported by <1% of the population at any age, the prevalence and type of chronic condition was strongly age-related. Respiratory conditions were most frequent in children and adolescents and decreased with age, whereas the frequency of all other chronic conditions increased with age. Gastrointestinal, and hepatic and pancreatic conditions peaked in 18-64 year olds, diabetes was most frequent in 65-74 year olds, while renal, cardiovascular and neurological conditions all continued to increase with age. Among 65-74 year olds, 76.4% already had at least one chronic medical condition and nearly half (48.9%) had two or more chronic conditions. AGE and NGE-attributed outpatient and ED visits, and hospitalizations in the overall population and in patients with chronic condition(s)
Mean annual rates of AGE and NGE-attributable outpatient and ED visits in patients with a chronic medical condition were similar to rates in the total population, with the exception of increases in both AGE and NGE-attributable outpatient visits in persons with gastrointestinal conditions, and of NGE-attributable outpatient visits in persons with immunocompromising conditions (Table 4 ). In contrast, compared with the total population, rates of AGE and NGEattributable hospitalizations were at least 2-fold higher in patients within all chronic condition groups, except for the respiratory group. Notably, the highest increases for AGE and NGEattributable hospitalizations were in persons with renal and gastrointestinal conditions, with nearly 8 to more than 10-fold higher rates compared to persons without a chronic condition (Table 4) . Persons with two or more chronic conditions were also at increased risk of both AGE and NGE-attributable hospitalizations, with rates roughly halfway between the lower and higher rates observed for the individual chronic conditions. The proportions of AGE attributable to norovirus were generally higher in persons with chronic conditions, particularly for hospitalizations. The highest rates were seen among persons with an immunocompromising or neurological condition in whom the proportion of hospitalizations attributable to norovirus was 68.0% and 56.2%, respectively. NGE-attributed outpatient and ED visits and hospitalizations in patients with a chronic condition, by age Considering each age category, NGE-attributable hospitalization rates in patients with a chronic medical condition were higher in all age groups and for all chronic condition groups, relative to the healthy population without a chronic condition ( Table 5 ). The highest relative increases in NGE-attributable hospitalizations were observed in the adolescent (5-17 year) and adult (18-64 year) age groups (Fig 2) . In these age groups, hospitalization rates for some chronic conditions were as high or higher as those seen in the overall elderly adult population ( Table 5 ).
The total proportion of NGE hospitalizations across all age groups that occurred in the population with a chronic condition was 51.6%. In the different age groups the proportions were 14.3%, 43.4%, 51.7%, 71.7%, 67.5% and 85.5% among 0-4, 5-17, 18-64, 65-74, 75-84 and 85+ year olds, respectively. The most important contributing groups were patients with gastrointestinal conditions, and the group of patients with two or more chronic conditions. In these groups the proportion of NGE hospitalizations (all ages) was 19.9% and 7.3%, respectively. The proportion of NGE-attributable ED and outpatient visits occurring in the population with any chronic medical conditions across all age groups was 18.0% and 20.4%, respectively. 
Discussion
Our study is the first to assess the burden of NGE in individuals with chronic medical conditions. NGE-attributable hospitalizations were substantially higher in patients with a chronic condition compared to the total population. Higher rates of hospitalization, in the absence of increased rates of higher ED or outpatient department visit rates, may reflect more severe disease or a higher propensity to admit patients with underlying chronic conditions. In contrast to other chronic conditions, patients with chronic gastrointestinal or immunocompromising conditions had higher rates of all health utilization outcomes for NGE. This finding is consistent with previous reports suggesting that NGE may be particularly severe or protracted in immunocompromised patients [4, [13] [14] [15] . The interpretation of the estimates for persons with gastrointestinal conditions is more difficult. It is possible that recurring gastrointestinal symptoms have been interpreted as infectious AGE, thereby artificially increasing the overall AGE rates and as a consequence also the norovirus-attributable AGE rates in these patients. Intriguingly, the highest incidence ratio for norovirus-attributable hospitalizations (28.0 per 10,000 person-years) was seen in the 5-17 year olds. The highest hospitalization rates for NGE were found in the group with a chronic renal condition, which may have included kidney transplant patients who are at high risk for severe NGE [6] . More in-depth analyses of the association between chronic gastrointestinal or renal conditions and norovirus are needed to better understand these observations. Several recent modelling studies have shown the substantial burden caused by NGE in terms of hospitalizations, deaths and ambulatory visits in the US and countries in Europe [7, 10, 11] . Here we highlight that NGE patients with a variety of chronic medical conditions have higher rates of healthcare utilization, particularly hospitalization, than those without chronic conditions. The main strengths of our study include the use of a large, nationally representative database. The age distribution in MarketScan population is comparable to the general US population except for individuals aged 18 to 64 years owing to the fact that the database contains a greater proportion of the working population aged 18-64 years who are covered by employer-sponsored health plan [16] . The use of such a large population set allowed us to perform NGE disease estimates stratified by age and chronic condition. The only group for which we did not have sufficient cases to perform the analyses were the 75+ age groups with an immunocompromising condition. Furthermore, our findings are consistent with the known epidemiology of NGE: as observed by others, the model predicted higher rates of AGE and NGE-attributable episodes in winter, with the highest rates of ambulatory visits and hospitalizations among children 0-4 years and elderly 85+ years [10, 11, 17, 18] . Increased rates of NGEattributable hospitalization during the years 2002-2003 and 2006-2007 are consistent with the higher burden reported in these years due to the emergence of new norovirus strains [19, 20] . For groups over 5 years of age, our age-specific estimates of NGE-attributable outpatient and ED visits for the overall population are comparable to those reported by Gastañaduy et al [11] , who used the same database (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) and a similar model, although we did not include the 2001-2002 season. Similarly, our estimates of NGE-attributable hospitalizations for age groups over 5 years are comparable to Lopman et al, who used data from the National Inpatient Sample [10] . Compared to the studies of both Gastañaduy et al [11] and Lopman et al [10] our estimates are higher, however, for 0-4 year olds, with rates approximately 2-fold higher. These differences may be related to differences in the study years or the data source. Our estimates are also comparable to those obtained in a prospective study in children using the New Vaccine Surveillance Network in the US [21] . Is this study, the average rates of hospitalization, ED visits, and outpatient visits for NGE were 7.2, 140.5, and 318.3 per 10,000 children younger than 5 in the period October 2008-September 2010. In the current study, the average rates in the period July 2008-June 2010 were 5.0, 42.5 and 288.0 per 10,000 children younger than 5 for the same respective outcomes. The lower rates obtained in the current study for ED visits may be related to the fact that patients who move from the ED to a hospital ward are possibly coded only as hospitalizations, resulting in an underestimate of ED visits.
The causal agent in cases of AGE is infrequently diagnosed, which means that direct estimates of the disease burden using laboratory-confirmed cases are likely to be substantial underestimates. While indirect modelling techniques overcome this limitation in the data, the present model relies on the assumption that NGE makes up the vast majority of AGE when an etiologic agent was not identified, leading to possible over-estimation of the disease burden. Other potential limitations include the inability of the model to control for seasonal factors that may have influenced health care utilization behaviors, such as holiday periods, the assumption that ICD-coding practices remained constant or that the propensity of patients to seek care or be hospitalized did not change over the study period, and changes in trends for certain etiological agents such as decreases in rotavirus hospitalizations following the introduction of rotavirus vaccination in 2009. In addition, our use of a database based on insurance claims automatically excludes the uninsured, thereby limiting the extrapolation to the entire US population. In the present study, when comparing the rates among different risk groups, these limitations may be less important as they can be expected to occur similarly across the different groups.
We identified pre-existing chronic medical conditions exclusively based on ICD-9 codes. We cannot be sure that every subject classified as having a chronic condition was actively suffering from the condition. Reassuringly, our estimated rates of chronic conditions are very comparable to previous reports for the US population, although such comparisons are hampered by differences in classification of chronic conditions and prevalence estimation methods. In a recent analysis of the prevalence of multiple chronic conditions among US adults, Ward et al found 24.3% of noninstitutionalized US adults to have only 1 chronic condition and 25.5.1% to have more than 1 [22] . In our dataset, 24.9% and 20.9% of adults had 1 or more than 1 chronic condition, respectively, during the study period. We included a large set of codes, based on a consensus between the authors, which may have led to the inclusion of subjects with an acute self-limiting condition rather than a truly chronic condition. Both of these limitations would have theoretically led to a dilution of the effect that we observed and we therefore believe they do not invalidate our findings.
We observed the highest relative risk estimates for NGE-associated hospitalizations among 5-17 and 18-64 year olds with chronic medical conditions, as compared with the same age groups in the healthy population. This is not totally unexpected as hospitalization rates in healthy 5-17 or 18-64 year olds can be expected to be relatively low, whereas hospitalization rates among healthy small children and elderly will be relatively high already. Similar observations have been made for populations at high versus low risk of influenza complications, in which the increase in hospitalization outcomes was proportionally higher in at-risk 18-64 year olds than in the at-risk elderly [23] . The practical consequence of our observation is that the biggest gain from targeting subjects with chronic medical conditions for prevention can be expected among these younger groups. Among the 5-17 year olds for example, preventing norovirus disease in the 18% with underlying medical conditions would avoid 43% of all norovirus-associated hospitalizations in this age group. Among 85+ year-olds, preventing norovirus disease in the 89% with underlying medical conditions would avoid an equal proportion (89%) of all norovirus-associated hospitalizations, not justifying the additional effort of identifying these high risk populations.
Development of norovirus vaccines is underway with data from a Phase 1 clinical study showing a candidate bivalent VLP norovirus vaccine to be immunogenic and reducing the severity of norovirus disease in a human challenge model [24, 25] . Studies to identify patient groups either at high risk of complicated NGE or who have high rates of utilization of health services may help to inform future vaccination policy. Along with other studies of the NGE burden, our study indicates that NGE hospitalizations (an indicator of disease severity) are highest in the very young and elderly. In addition, our study highlights that the burden of NGE hospitalization in individuals of all ages with a chronic illness is substantially higher than the general population rates.
Conclusion
The presence of a chronic pre-existing medical condition leads to higher rates of health care utilization due to NGE. A disproportionate segment (52%) of all norovirus hospitalizations occurred in the 37% of the population that had at least one chronic medical condition, who along with children under 5 and elderly adults, may merit special attention in NGE prevention strategies. The use of modeling techniques to derive norovirus specific AGE rates and the reliance upon coded diagnoses suggest caution in interpreting our results pending further confirmation.
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